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INTRODUCTION

A meeting took place at the NASA Langley Research Center on
the 24th and 25th of February 1987 to discusa the development and
eventual use of forward-loocking remote sensors for the detection
and avoidance of wind shear by aircraft. Industry waa repreasented
by saveral radar manufacturers, asoftware davelopers, and aircratft
operators;: the academic community by several research inatitutiona
with university affiliations:; and government by NASA and the FAA.

Aa ia evident from tha Preliminary Agenda (page 7), the
meeting waa atructured to firat provide a reviaew of the current Faa
and NASA wind ahear programs, then to define what really happens to
the airplane, and finally to give technology updates on the various
typea of forward-looking senaorsa. Except for certain tinme
adjustments, this achedule was maintained, and then tollowed by
diacusasionas to define thae key issuea which remain unresolved fronm
this meeting.

The preaent document has been compiled to informally record
the essence o0f the technology updates and the diacuasionsa which
followed each. The updatea are represented here through the
unedited duplication of the vugrapha, which were generousaly
provided by the reapective apeakera. To encourage the participantsa
to apeak freely, no audio tape recordingsa were made of the formal
presentationa; thus no transcript appears here. However, during
the floor discuasion following each presentation, notes were kept
by several of the Langley participanta. Thesa were abatracted and
appear in thias volume, beginning on page 272,

In the final section of thia document are liated the key
imsaues which remain unreaclved from the meeting. Hopefully, they
will form the basais of the next meeting on forward-looking aenaorsa.



NAME

Emedio M. Bracalente

R. Milton Huffaker

Joe Youssefi

Todd Cerni

Loren Nelson

Roy Robertson

Orville Alitz

Don Schacht

Wayne A. Sarnicki

Brian J. Gallagher

Timothy D. Wise

Bi1l Dobner

Bob Ireland

Peter Hildebrand

LIST OF PARTICIPANTS

23-24 Feb. 27
Industry/FAA/NASA Mtg.

ORGANIZATION

NASA/LaRC

Coherent Technologies,

Inc.

Honeywell, Sperry

OPHIR Corp.

Rockwell-Collins

Delco Systems
Operations

Delco Systems
Operations

n "

Hughes Santa Barbara

Research Center

Lockheed Missiles and

Space Co.

United Airlines
Flight Center

NCAR

ADDRESS
Hampton, VA 23665

Boulder, CO 80306

P.0. 21111
Phoenix, AZ 85027

7333 W. Jefferson,
Suite 210
Lakewood, CA 80235

400 Collins Rd
NE 124-111

Cedar Rapids, IA
52498

MS 1A21
P.0. Box 471

Milwaukee, WI 53201

P.0. Box 471
Milwaukee, WI 53201

75 Coromar Drive
Goleta, CA 93117

3251 Hanover St.
Palo Alto, CA 94304

Stapleton Airport,
Denver, CO

P.0. Box 3000
Boulder, CO 80307

PH. NO/FAX
(804) 865-3631
{303) 449-8736

(602) 869-1557

(303) 986-1512

(319) 395-3885
(319) 395-1990

(414) 768-2921

(414) 768-3803

(414) 768-2132
(805) 562-2917

(415) 424-2338
(303) 398-4553

(303) 497-1031

v

- e N .



[

. e - . . . . - . N .- < . . . . i .- o . . - . . -
i ' { ' - - - ' - .-

NAME

Jim Evans

Robert G. Onstott

Clifford L. Fricke

Everette E. Vermilion

Philip A. Reynolds

Pete Saraceni

Len Winchester

Adarsh Deepak

Jim Shrader

Charles L. Britt
Rosa M. Oseguera

J. J. Ewing

Stanley Byron
Anne MacKenzie
Caroline Chan

Yic Delnore

Wally Gillman

LIST OF PARTICIPANTS (CONT'D)

ORGANIZATION

MIT Lincoln Lab

Environmental Research
Institute of Michigan

PRC-Kentron (NASA)
Sundstrand Data
Control

Calspan Corp.

FAA Tech Center

Science & Technology
Corp.

Research Triangle
Institute

n "
NASA/LaRC

Spectra Technology

NASA, AMRB
PRC Kentron

PRC Kentron
NASA/LaRC

American Airlines

ADDRESS

Room HW-10
P.0. Box 73
Lexington, MA 02173

P.0. Box 8618
Ann Arbor, MI 48107

Hampton, VA 23665
P.0. Box 97001
Redmond, WA
98073-9701

P.0. Box 400
Buffalo, NY 14225

ACT-340, Bldg-2D1
Atlantic City ARPT,
NJ 08405

101 Research Drive
Hampton, VA 23666

NASA/LaRC

MS-156A

2755 Northup Way
Bellevue, WA 98004

MS 490
MS 490
MS 490

P.0. Box 619617
DFW Airport

Dallas, TX 75261-9617

PH. NO/FAX

(617) 863-1804

(313) 994-1200
ext. 2590

(804) 865-3631
(206) 885-8471

(716) 631-6715

(609) 484-5577

(804) 865-1894

(804) 865-1894
(804) 865-3631

(804) 865-3621
(206) 827-0460

(206) 827-0460
(804) 865-3631
(804) 865-3631
(804) 865-3631

(817) 355-5153



NAME
Marc Renella

Harold Raemer

Carl J. Magee

Pat Adamson

Peter Meiklem

George C. "Cliff" Hay
Ernest W. Millen
Burnell T. McKissick
Robert V. Hess

Leo D. Staton

Russel Tary

Ralph Cokeley
Roland L. Bowles

Herb Schlickenmaier

LRl = ZM%/‘V Jres

NCAR =
FRC =

MIT = MIT

;D/Mn
/9737/E3£§ = /4w¢éuvnaz. 4;/L7&Cﬁa“xi4j*L

LIST OF PARTICIPANTS (CONT'D)

ORGANIZATION

Northeastern
University

NASA/LaRC
Turbulence Prediction
Systems

British Embassy

FAA Windshear
Program Mgr
NASA/LaRC
NASA/LaRC
NASA/LaRC
NASA/LaRC
Lockheed

Lockheed
NASA/LaRC

FAA Airborne
Windshear Progr. Mgr.

ADDRESS

Dept. of Elec. &

Computer Engineering

Room 406 Dana

PH. NO/FAX
(817) 355-5153
(617) 437-3035

(360 Huntington Avenue)

Boston, MA 02115
MS 468

Suite 200

3005 30th St.
Boulder, CO

3100 Mass.
NW, DC

Avenue

DOT/FAA ADL-2A 2

800 Independence Ave.

Washington, DC 20591
MS 156A

MS 156A

MS 468

MS 490

3251 Hanover Street
Palo Alto, CA 94304

L "
MS 156A
DOT/FAA APM-430

800 Independence Ave.

Washington, DC 20591

earch Lenter

%W?ML

:E;:zuz/rzdi Brawch

(804) 865-2818
(303) 443-8157

(202) 463-7530

(202) 267-3021
SW

(804) 865-3621

(804) 865-3621
(804) 865-2818

(804) 865-3631

(415) 424-2436

(805) 272-2452
(804) 865-3621

(202) 267-8530
SW

-l G & S B A &

!-!!: !!-‘ !-l.i

(- N D I A & - . .



PRELIMINARY AGENDA

Tuesday, 24 February 1987 Building 1212, Roaom 200

0830
0845
0900

0930

1000

1130
1300
1600
1630

Start - Opening Remarks
Review of Integrated FAA Wind Shear Program
Review of the Airbarne Wind Shear Detection and Aveidance
Program
“"The Hit on the Airplane" - The Effect of Wind Shear on
Aerodynamic Performance
Forward Look Options:
Microwave Radar
Lidar
Infrared Radiometry
Other Options
Lunch
Forward Look Options (cont’'d)
Review of NASA Base Technology for Solid State Lasers

Conclusion

Wednesday, 25 February

0830
Q900
1000

Start
Defining a Consensus
Conclusion
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0937
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1349

1430

1600
Wednesday,

0830

o8ag
0948
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1210

ACTUAL AGENDA

1987

Introductory Remarks

Wind Shear Modeling - DFW Case Study

NASA Airborne Wind Shear Detection and
Avoidance Program

Wind Shear Detection, Warning, and
Flight Guidance

Airborne Doppler Technology for
Wind Shear Detection

Radar Simulation Studies at AMRB, NASBA LaRC
Lunch

Radar Application Issues

Wind Shear Considerations for
Forward-Loocking Systaem

Wind Shear Avaidance with an Airbarne Laser

Update on Solid State Lidar Base Technolgy
at LaRC

25 February 1987

CO= Laser Technology for Wind Shear
Detection

Lidar Measuring Concept

Infra Red

Infra RedASystem for Detection of Wind Shear

Discussign on Key Issues for Next Meeting
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WIND SHEAR MODELING:
DFW CASE STUDY
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WIND SHEAR DETECTION,
WARNING AND FLIGHT GUIDANCE

R. L. Bowles
NASA/LaRC
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winashear txecovery Lapaoiuiry DRAFI

NOTE: 1. 737-300, 122,000 Ib; Flaps 5, CFM56-3-B1, S. L., 100°F.
2. Windshear encounter at 100 ft. following takeoff.

3. Guidance assumes instant recognition. Manual technique recovers
after 15 kt. airspeed loss.

4. Horizontal windshear at 5.7 kt/sec.

NASA First Training
Guidance Generation Aid
Technique Cockpit Flight Manual
100 (Preliminary) Director Technique
100 5 10%
90 A
80
60
Relative Wind
Magnitude
Capability (%)
40
20
0

Windshear Recovery Capability. Recommended Manual Technique vs. Preliminary
NASA Guidance Technique and First Generation Cockpit Flight Director Guidance.

4.4-230 Fig. 4.4-61
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AIRBORNE DOPPLER TECHNOLOGY
FOR WIND SHEAR DETECTION

E. M. Bracalente
NASA/LaRC
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RADAR SIMULATION STUDIES
AT AMRB, NASA LARC

C. L. Britt
RTI at LaRC



RADAR SIMULATION

Input Data

1 1

Calculate Rain
Return

!

New Range
Bin

Calculate Clutter
Return

{

f

Add System
Noise

{

Calculate
& Q Pulses

7
FFT

Each Bin

=

Plot

Radar Parameters
A/C Pos. & Alt.
Ant. Scan Angies.

Microburst Wind
Vector Data

et Clutter Map
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A/C RANGE (KM)
RADAR RG (KM)

A/C VEL (KTS)
GLIDESLOPE (DEG)
ROLL (DEG)

PITCH (DEG)

YRW (DEG)

ANT ARZ (DEG)

ANT EL (DEG)
TRANS PWR (WATTS)
FREQUENCY (GHZ)

P WIDTH (MICROSEC)
P INTERVAL *

RCVR NF (DB)

NO. PULSES

ANT RADIUS M)
ANT "B" PARAMETER
DELTHT (DEG)
DELRG (M)

THTMAX (DEG)

RN SEED (0-1.)
IMAX (M)

DELZ (M)

RAIN RATE (MM/HR)
RAIN VEL (M/S)
RAIN SD (M/S)

VEL OFFSET (M/S)

10. 00
9.0
140,
3.
ol
0.
0.
0.0
.0
2000.
9.3
1.
330.
6.
1z8.
. 3559
. 316
.2
So.
10.
. 224
600.
60.
20.
S.
0.
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RANGE/VEL DISPLAY

(W)

=

Mgt

W tr it
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REL. VELOCITY (m/s)
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RADAR APPLICATION ISSUES

P. Hildebrand
NCAR



National Center for Atmospheric Researsh
P.0. Box 3000, Boulder, Colorado 80307

29 January 1987

Mr, Herdb Schlickenmaier
CODE FAA/APM-~430

Room 727
800 Independence Avenue
Washington D.C. 20591

Dear Herd:

The suggeasted topics for dismocussion for the FAA/NASA Forward
Look Technology 8ymposium are enclosed in an unmarked plain brown
envelope. Please forgive me if I went a little overboard in the
scope of topics; however, the mind is a wonderful thing and can

ragble all over the place.

SBee you aocon.

8incerely,

Pt

Peter H. Hildebrand
Manager, Airborne Doppler Radar
Development Projeoct
phone: 303-497-1031

oc: McCarthy
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Sugzested Topios for Discussion
tAA/NASA Wind Shear Forward Look Technology Symposium

[ Y
e

ST v .(1; IL IS

1. FPorward Look Technology QE BOOR QUALITY

A. 8pecification of meteorological features to be observed
1. Types of features
a. Wind.
b. temperature
c. poisture
d. precipitation
opacity at different wavelengths
t. reflectivity at different wavelengths
2. Domain of features (x,y,2z,t)
3. Natural scales and gradients of distinctive features
) within dosain (x,y,2z,t)
B. Measurement Capability Bpeoifioation
1, Range
2. Range resolution
. Range folding and sidelobes
Angular (az & el) scan
Angular resolution
Angular sidelobes
Measurement resolution
Measurement domain
a. Likelihood of folding
b. Ability to unfold
9. Measurement update or saampling rate
10. Calculation cycle time
11, Bffects of inhibiting factors
8. Rain
b. Haze
oc. Ground clutter
d. Other sidelobe effects
. Background seasurement & system noise
4 Maintainability of measuregent systen
(1) failure rate
(2) ocapabilities of typical maintenance
crews to ocorrectly maintain equipment
12. B8ystem effectiveness for pilots
8. Clearness/simplicity of output data
b. Projected false alarms rate.
c. Effect of peasurement false alarm rate on
pilot willingness to use data
d. Need for interpretive intelligent display
systems

0 ~3I NN o



Suggested Topios for Discussion
FAA/NASA VWind Shear Forward Look Technology 8ymposium

c. Porword Look Measurement Systeas
1. Microwave Doppler weather radar

2. Doppler Lidar
3. IR temperature sensing systenms

4. Other options

D. In-situ Measurenent Systens
1. Aircraft winds
2. Ground speed
3. Temperature

4. Rumidity
5. Precipitation

I1. Analysis and Display Options

A. Data processing .

B. Noise reduction techniques
C. Data display

D. Intelligent systems

1, Derived date fields (e.g. range derivatives,...)

2. Integration of forward look and in-situ
information

3. Auto-recognition of meteorclogical features

4, Auto-guidance around or away from meteorological
features

5. Auto-takeover of aircraft to avoid meteorological
features

II1. Plans for Growth

A. Opportunities to design the system for growth
) I Division of the system into convenient modules

2. Bpace in the system for more modules

3. Use of programmable machines so new algorithms can
be implemented

4. Use of CAD systems to ensure easy upgrades for
hardware

B, Types of growth
1. Biaple =-) Complex B8ystems. The potential for

moving from single to multi-sensor systems.
2. Dumb ~--> Smart Systems. The potential for the
system to recognige dangerocus situations and to

recoanend safe, evasive action.
S. Passive «=) Active Bystems. The potential to use

smart systems to guide the aircraft.

ORIGINAL PAGE IS
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WIND SHEAR CONSIDERATIONS
FOR THE FORWARD LOOKING SYSTEM

R. Robertson
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ASSUMPTION

WINDSHEAR DETECTION IS POSSIBLE WITH RADAR,
SENSORS, INTERFEROMETER, ECT.

TARGET RECOGNITION

TARGET CHARACTERISTICS AND STATISTICS
SIZE
REFLECTIVITY LEVELS
VELOCITY FACTORS
CLUTTER MASKING
TARGET INTERPRETATION

MANUAL BY OBSERVER

AUTOMATIC DETECTION

SAFETY CONSIDERATIONS

LIDAR,

IR



FLIGHT CERTIFICATION

MINIMUM OPERATIONAL PERFORMANCE STANDARD
ADAPTABLE TO DIFFERENT SYSTEM CONCEPTS

FLEXIBLE BUT PRECISE

TESTS USING FAA GENERATED STANDARD TARGETS
COMPUTER SIMULATED DATA FOR CERTIFICATION TESTS
PSEDUO REAL WORLD AND STATISTICAL SIMULATIONS
METEOROLOGICAL PARAMETERS
AIRCRAFT PLATFORM PARAMETERS
USER SYSTEM PARAMETERS

BOTH DOMINANT AND MARGINAL TARGETS

GROUND AND FLIGHT TESTS

MINIMUM CONSISTENT WITH ASSURED PERFORMANCE

.

—
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WIND SHEAR AVOIDANCE
WITH AN AIRBORNE LASER

R. Targ
Lockheed
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LIDAR MEASURING CONCEPT

R. M. Huffaker
Coherent Technologies
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COHERENT TECHNOLOGIES. INC.
R. MILTON HUFFAKER

NASA/FAA - WIND SHEAR BRIEFING

LIDAR MEASURING CONCEPT
PAST STUDIES AND MEASUREMENTS
CURRENT TECHNOLOGY. tOZ - SOLID-STATE
kEY ASPECTS OF A DOPPLER LIDAR WIND SHEAR PROGRAM

RECOMMENDATIONS
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LASER WIND SHEAR DETECTORS

RAE and the Royal Signais snd Radar
Establishment have developed and tested
laser sirspeed measuring systems for re-
mote sensing in both ground and airbome
installations, using CW focussed beams.

0

ORIGINAL PAGE 1S
OF POOR QUALITY

Experimental ground based system had a
useful maximum range of 1 km. Studies
of a systam to provide total airport wind
information out to 8 km, or more, are in
hand.

LAser True Airspeed System (LATAS)
is a compact experimental system which
identifies wind changes about 3 seconds
before they reach the aircraft (HS 125).
The LATAS laser is totally safe for
general use, as its beam is invisible infra-
red light.

—— ————
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L | Visua Products Divistan 310
¥ | | S CATALOG NO.15.1005-4 '
' : MADE IN U.S.A.
™
m‘o km -

l ' 25-5km
r= p——————————

.' 5-10km

L pre————————

"‘_"' pr——————

L

~ ———

"—— -

- . .

' 2 Position LOS with Vertical Scan
o ® Measurement (Frame) Time:
B [ HORIZONTAL PLANE 4 - 8 min (100m/sec)
T Ax = 300m (60%x60 grid)
wl 18 data/sec/plane
N E (10 vertical planes = 180 data/
“-l S sec)
é, e 1 vertical scan/6 seconds
m ry
L~-' 1 Measure:
[ ® u(x,y,z), vix,y,z)
i‘:ﬁl ' 20-40km " ® spectrum with (turbulence)
- no x,y,z
et
B |




GROUND-AIRBORNE-SATELLITE LIDAR COMPUTER SIMULATION

Lipar TMOSPHERE

MoDEL MoDEL
PLATFORM
MopeL
INTEGRATED
LIDAR
MopeL
DatA
PrROCESSOR
SYSTEM - SYSTEM
ANALYST | Des16NER

D (A O (GEE (O
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‘COHERENT TECHNOLOGIES, INC.

1,06 pM Np:YAG COHERENT LIDAR SYSTEM

- SOLID-STATE
- COMPACT, MOPA CONFIGURATION

- ATMOSPHERIC WIND AND AERQOSOL BACKSCATTER
MEASUREMENTS

- MAXIMUM RANGE 20 xm

- VELOCITY RESOLUTION: <1 METER/SEC
- RANGE RESOLUTION: <100 METERS

- OPERATIONAL IN FALL, 1987



POTENTIAL BENEFITS OF USING EYESAFE SOLID-STATE LASERS

= MORE CQMPACT

- IMPROVED LIFETIME

- LOWER POWER CONSUMPTION

=’ IMPROVED DETECTOR SENSITIVITY

- IMPROVED VELOCITY RESOLUTION

- IMPROVED RANGE RESOLUTION

PROMISING EYESAFE SOLID-STATE LASERS ARE AVAILABLE

- ACTIVATOR 10NSs Ho, Tm AND ER

- CRYSTAL HOSTS YAG anp YLF
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1.

2,

COMBINED RADAR-LASER RADAR WINDSHEAR CAPABILITY

OBTAIN SET OF MEASUREMENT REQUIREMENTS FROM THE FAA,

DETERMINE WINDSHEAR, MICROBURST DETECTION CAPABILITY
OF COHERENT LASER RADAR,

- USE DETAILED COMPUTER SIMULATION OF LASER WIND
MEASURING PROCESS.

-~ GENERATE AND INCORPORATE REALISTIC WINDS INTO
SIMULATION.,

- DETERMINE MEASUREMENT ACCURACY, REQUIRED RANGE
RESOLUTION., RANGE., LASER WAVELENGTH AND POWER.
OPTICS SIZE, PULSE LENGTH, AND PULSE REPETITION
FREQUENCY,

- DETERMINE REQUIRED SCAN.



COMBINED RADAR-LASER RADAR WINDSHEAR CAPABILITY (cont'p)

3.

g,

,

- b,

EVALUATE THE COHERENT LASER RADAR TECHNOLOGY TO MEET
A SET OF MEASUREMENT REQUIREMENTS,

-- C02 WAVELENGTHS

-- EYESAFE WAVELENGTHS, SOLID-STATE

RECOMMEND A SET OF INSTRUMENT PARAMETER FOR BOTH A
COZ AND A SOLID-STATE EYESAFE WAVELENGTH.,

ANALYZE THE CAPABILITY OF A COMBINED RADAR == LASER
RADAR SYSTEM FOR ON-BOARD AIRLINER DETECTION OF
WINDSHEAR

SPECIFY A COMBINED RADAR == LASER RADAR SYSTEM,

i!.! !-!
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INFRA RED

P. Adamson
Turbulence Prediction Systems



AIRBORNE INFRARED
REMOTE SENSING
AIR TURBULENCE
ADVANCE WARNING

SYSTEM

FPATRICK ADAMSON
ROBERT G. GRAY
DONALD R. ROGERS

TURBULENCE PREDICTION SYSTEMS

SaaS @ TH STREET, SUITE

BOUL DER, COLLORADO s8ua3a=

(SA3) Ly LK S—88 157



i
~PRODUCT .
JIIRBQRNE INFRARED BASED

LAIR TURBULENCE
ﬁi'DVFINCE WARNING SYSTEM

flasgnRCH INSTRUMENT

% 1, @228 HOURS IN THE AIR
:l 98 %x P REDICTION RATE cCAaT

“' 12@2% FPREDICTION RATE L WS

*!mERnTIQNnL SYSTEM
"EDICATED DUAL (LLWS/CAT)>

~ENSTRUMENT
Jl PREDICTIVE COMEONENT
m' » NEW GENERATION SENSOR

»* MICROFPROCESSOR BASED
ALOGRITHM

jl » CRT COCKPIT DISFL_AY

REACTIVE COMPONENT
» 3 AXIS ACCELEROMETER

»* ACCERTS AIRCRAFT INFUTS
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3
i

':i-nan_ INTEGRATED WIND SHEAR PROGRAM

i
L he primary defense against wind shear is avoidance. This is why
“#) significant part of the Integrated FAAR Wind Shear Program plan

~deals with the development of wind shear detection systems.

E-'ftﬁdax’s wind shear detecticon systems are relatively ineffective.

L. lven when more sophisticated systems become available in the
uture, aveoidance can never be 120% effective. For this reason,
ff"e flight crew must be trained ta recognize a wind shear

counter and take the appropriate recovery action. Both the

ational Research Council (NRC) and the National Transportation

~~Safety Board (NTSB) recognized this need. The NTSB and NRC

: rcommended that the FARRA work together with industry to develop

i authoritative education and training program." (emphasis
added)

Lor

£

- TRAINING AIDS

TERMINAL INFORMATION

4
.

’
Jd

HAZARD CHARACTERIZATION

C.

S S oam o ge e ey

)

GROUND SENSORS

Lo

b

AIRBORNE SENSORS

o

ko 4

/A > ""TESCARFE" — REACTIVE SYSTEMS

B
)

L

2> "TAVOID*' — FREDICTIVE SYSTEMS

bl

\
)

23

'TiFFERENCE: INTEGRATED FRA WIND SHEAR PROGRAM PLAN, 1S5 AUGUST 1986
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WHAT CAUSES

COLD AIR
FILLING THE VOID

HOT AIR RISING /

A

A

A

-

TS

¢




AIRBORNE "AVOID'" PREDICTIVE SYSTEMS .

PROBLEM: WIND SHEAR IMPLIES A
CHANGE IN WIND
SPEED/7DIRECTION OF A
MAGNITUDE WHICH IS
DANGEROUS TO AIRCRAFT

AN

TECHNI QUIE
INFRARED

RADAR

LLASER

ACOUSTIC

TECHNIQUE
INFRARED

RADAR
LASER

ACOUSTIC

IDATE NSOR

INFERRED

MECHANITISM INEQ)

dT/dt WIND
SFPFEED

DOFPFPLER WIND
SHIFT SFEED

DOFFPLER WIND
SHIFT SFEED

DOFFL-ER WIND
SHIFT SFEED

WEATHER

DRY WE T
VERY GOOD GOoOOoD
FPOOR GOoOoD
VERY GOOD FPOOR

UNPFPROVEN UNFROVEN

a .

{ —

e
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DEGREES FAMRENMEIT

"'l Frc. 1. Peak gusts and temperature differences in
-~ thunderstorms with regression curve and standard error

of estimate. Abscissa is temperature just prior to the
¢~ fjf} thunderstosm minus temperature immediately after the
- dowsrush. See text for further explanation.
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o
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\

L.-.f!EFERENCE: “A BASIS FOR FORECASTING
EAK WIND GUSTS IN NON-FRONTAL

?""jiHUNDERSTORMS"; BY E.J. FAWBUSH AND

. ®.C. MILLER; BULLETIN AMERICAN
METEOROLOGICAL SOCIETY; VOL. 35S,

mental data point L:ﬁbz ‘l’:ll; w el .”The
. 1, a8 seat, t 8 stry
line, while the overia rea ulmmhnhwnd:

.4 Measured wind shear plotted
oo the st e o o G pemperature drop
iht

y stippled 8
On the shear predicted by squation (7).

0.2

Wind shear (s~ ')

OOLD MAN 4 3L0SS
MARKS

P! S B B 1
9 p) 4 [ ] 0 12
Temperature drop { C)

REFERENCE: "WIND SHEAR
OBSERVATIONS IN THUNDERSTORM
DENSITY CURRENTS"; BY F.F. HALL
AND W.D. NEEFE:; NATURE, VOL 264,
DECEMBER 2, 1976. '
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MEASURE TEMFRFERATURE

IN TWO SFPATIAL LOCATIONS

4

CHANGE IN TEMFPF OVER TIME =

INFERRED WINDS
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P HISTORICAL LILWS RESEARCH RESUL TS
. '\IQSQ LEARJET — 1978 CALIFORNIA
JTAWS PROJECT — 1982 DENVER, ca

u..'

EST PROTOCOL = A HIT IF THE AL.Aarm
SOUNDS AND A SHEAR
OF GREATER THAN @. 1

3

-

l SEC—1 wAas
-~ ENCOUNTERED,
gl OTHERWISE A MISS
~ REFERENCE: SNYDER
o .
':-REDICTION RESUL. TS = 122, @K HITS
MISSED ENCOUNTERS: 2. A%

——
..

ARNING RESUL. TS =

INIMUM WARNING 14 SECONDS
JtWMIMUM WARNING &8 SECONDS
AVERAGE WARNING 46 SECONDS

__.;_ELL_ws CONCLUSIONS

‘"THE EFFECTS OF “LOOKING®" THROUGH
IGHT RAIN AND VIRGA DO NOT AFPPEAR
TO POSE A FROBLEM AND ARE BEING
frTUDIED FURTHER. '

4;!EFERENCE: "APPLICATION OF INFRARED RADIOMETERS FOR AIRBORNE DETECTION
~ OF CLEAR AIR TURBULENCE AND LOW LEVEL WIND SHEAR"; BY P.M. KUHNj; FINAL
iEPDRT DECEMBER 31, 1982 - MARCH 31, 138S.

ANALOG STUDY OF THE LONGITUDINAL RESPONSE OF A SWEPT-WIND TRANSPORT
AIRPLANE TO WIND SHEAR AND SUSTAINED GUSTS DURING LANDING AFPPROACH";
'Y C.T. SNYDER, NASA AMES RESEARCH CENTERj; NASA TN D4477; 1968.

—
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TIME T0 o
ENCOUNTER

(SEConDs) 51 | 0

LLWS Alert

TPS
AWS

TPSs InFRarED LLWS Aovance Warnine DiagRam

e
*
il
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thISTDBIQQI_-z LLWS RAIN RESEARCH

i
v

TJTAWS FPROJECT — 1982 DENVER, co
CESSNA Z2a7 -_— 1l 985S HUNTSVILLE, = ] .

-' TEST GOAL.S = EVALUATE IR ADVANCE

WARNING SYSTEM IN
”' LLIGHT /" MODERATE RAIN
!

*» ASSESS PREDICTION

l ‘ » ASSESS FALSE ALARMS

MP@TEST FPFROTOCOL == A HIT IF THE ALARM

. SOUNDS AND A SHEAR
OF GREATER THAN L 1

SEC—1 wAas

. ENCOUNTERED,

- OTHERWISE A MISS

s

e

._ g ——
R :

A SUCCESSFUL
PREDICTION REQUIRED
AN ADVANCE WARNING
OF G REATER THAN 490
SECONDS

W hbESEARCH RESULTS =
19 RAIN TRACTS FLOWN

8 TRACTS SHEAR CONFIRMED

s

: S

11 T RACTS NO SHEAR ENCOUNTERED

FPREDICTION RESULTS:= & OuT OF 8

[
L

[

MISSED ENCOUNTERS:= = (S, 17 SEC)H

{"'v TR

FAaLSE AL ARNMS: <4 ALARMS SOUNDED
BUT NO SHEAR
CONFIRMED IN 11 ©NO
SHEAR TRACTS

=
s

i

L REFERENCE: "AIRBORNE INFRARED WIND SHEAR DETECTOR PERFORMANCE IN RAIN
OBSCURATION"; BY P.M. KUHN AND P.C. SINCLAIR, ARIS, INC.; PAPER
i’"PRESENTED AT AIAA MEETING JANUARY 18, 1987; RENO, NEVADA.

pl
v
-
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HISTORICAL CAT RESEARCH RESULTS
NASA CV 99@ — 1979

TEST PROTOCOL. = A HIT IF THE AlLLARM
SOUNDS AND A SHEAR
OF G REATER THAN @a. =
G ACCELERATION WAS

ENCOUNTERED,
OTHERWISE A MISS

PREDICTION RESULTS:= 28. S22 HITS

s

MISSED ENCOUNTERS:= 1.688=

ANAL YSIS OF MISSED ENCOUNTERSS

112 LLIGHT CAT 1 MISSED

4 MODERATE CAT 1 MISSED

= S EVERE CAT & MISSED
"FALLSE " AL.ARMS = 8. 51

REFERENCE: "FINAL STATISTICAL REPORT ON AVIATION SAFETY
TECHNOLOGY (IN-FLIGHT DETECTION AND PREDICTION OF CLEAR AIR
TURBULENCE) "3 BY LOIS STERRNS AND VALERIE NOGARY, NOAR; FOR NASA
AMES RESEARCH CENTER; DECEMBER 1, 1973.
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' CAT. Alert

TIME TO
ENCOUNTER | ' ' . l

il (MINTES) 40 Y

l TPS él

AWS

TPS's Inrarer CAT Aovance Wamnine Dinceam

TBC-46




DIFFICULTIES ENCOUNTERED IN

PREDICTING DYNAMIC EVENTS

EVEN IF THE FORECAST OR WARNING
TECHNIQUES ARE PERFECTLY ACCURATE,
THE MOST ONE CAN EXFPECT IS AN 83z
VERIFICATION RATE DUE T0O THE MANY
FRACTORS INVOLVED AND THE RANDOM
NATURE OF DYNAMIC WEATHER.

REFERENCE: "ASPECTS OF CLEAR AIR TURBULENCE SEVERITY FORECASTING AND
DETECTION"; BY L.J. EHERNBERGER, DRYDEN FLIGHT RESEARCH FACILITY, NASA
AMES RESEARCH CENTERj; PRESENTED AT INTERNATIONAL CONFERENCE ON THE
AVIATION WEATHER SYSTEM, MONTREAL, MAY 4-7,1981.

TEVEN WHEN MORE SOFPHISTICATED
SYSTEMS EECOME AVAILABRBLE IN THE
FUTURE, AVOIDANCE CAN NEVER BE 1@z
EFFECTIVE.

REFERENCE: INTEGRATED FAA WIND SHEAR PROGRAM FPLAN, 15 RAUGBUST 1986
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;"“ NEN UNDERSTQND;NG TO FLIRTHER (OSSESS
i INFRARED SENSING OF S IR TURBLUIL ENCE

\_

—~—

T~
e

= HIGH CORRELATION OF WIND AND
TEMFRFERATURE BY 7 TECHNIQUES

]

v

1. SURFACE — MEASURE WIND,
- MEASURE TEMP
- =. ACOUSTIC — MEASURE WIND,
CORRELATE TEMP
S. DOFFLER RADAR — MEASURE WIND,
CORRELATE
- TEMR
- 4. INFRARED — MEASURE TEMP,
CORRELATE WINDS
=. EOUYARNCY EQ — INPUT CHANGE
TEMP,
INFER VERTICAL
WINDS
&. FAM STATIONS — MEASURE WIND,

MEASURE TEMRP

DELTA 191 — MEASURE WIND AND
MEASURE TEMR

i

b |

2 DEL_TA 121 ARACCIDENT
1. NTSE DRAFT FPAFER — CARACERNA

= - WIND /" TEMFPERATURE CORREL.ATION
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OuUIR CONCL USITIONS: WIND VS TEME

» ACTUAL ENCOUNTER HIGH CORRELATION
WITH & RESEARCHERS REGARDING
WINDS DRIVEN BY TEMRPERATURE

»* WINDS CAN BE INFERRED BY TWwWO
INFRARED SFATIAL YOLuUME
TEMRFPFERATURE MEASUREMENTS

2 INFERRED WINDS CAN EBE USED WITH
CONFIDENCE T0O ISSUE LLWS COCKRFRIT
RLERT

IF AIREORNE INFRARED WAS AVAILABLE

onN DELLTA 19291 THE CREW WOULD HAVE
HAD A && SECOND ADVANCE WARNING..
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NLHQT IS REQUIRED FOR AanN_IVMPROVED

L AIREORMNE AIR _TURBULENCE PREDICTION

YSTEM?

N 2

» IMPROVE ABILITY TO SENSE
TEMPFPERATURE IN FRONT OF THE

AIRCRAFT

o
.

~ry
! !

» EXFPFPAND ATHMOSFAFHERIC MODEL TO
INFER HORIZONAL AND VERT ICAL

WINDS

s

-y
.

r

e
0T R ol . e d . i ‘. N , .
- - - - - - - ’ - 8 N - - ' . o -

* IMPROVE THE ALGORITHMS WHICH
TRANSLATES INFERRED WINDS INTO
COCKRFPIT ALERTS
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IMEROVED TEMPERATURE SENSOR

QLoD STQNDQRD INFRARED RADIOMETER
A+ — LS ’

NEW GENERATION INFRARED RADIOMETER
+ S — A5

AN EXEARNDED ATMOSPHERIC MODEL.

¥ RAIN

* HORIZONAL. AND VERTICAL WINDS

STATE OF THE AORT ALOGRITHMS

» MICROFPROCESSOR BASED

- COMPUTE HAZARD INDEX

-~ DISFL.AY ON CRT
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TURBULENCE PREDICTION SYSTEMS

RATIN AND ITS IMPACT
ON INFRARED

TRANSMISSION

ReceverR -
< S~ )\ <— e~ —

L
N 1kM 7

ELEMENTS THAT EFFECT TRANSMISSION
D - UNTFORM DISTRIBUTED GASES

D - W ATER VAPOR

O - LIQUID WATER <(RAIND



INFRARED TRANSMISSION MODEL.
OF THE ATHMOSEPHERE

FURPFPFOSE: COMRUTE ADVANCE WARNING
| TIME IN WEATHER

STEPS = 1——COMRFUTE TRANSMISSION
THROUGH UNIFORM
DISTRIBUTED GASES

s

Z2—COMPFUTE TRANSMISSION
THROUGH WATER VAPOR

S—COMPFPUTE T RANSMISS ION
THROUGH LLIQUID WATER
(RAIN)D

LH—COMPUTE TOTALL TRANSMISSION

S—FROM TOTAL TRANSMISSIOQON
COMPUTE LOOK DISTANCE

&S—FROM LOOK DISTANCE COMPUTE
ADVANCE WARNING CIN
SECONDS)>

SR SR R R R R G
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l_t;' NITFORM DISTRIBUTED GASES

re

lINF‘RARED TS ABSORBED BY THE UNIFORM
DISTRIBUTED GASES AS A FUNCTION OF WAVE
'._ENGTH

Wave aumber ,cm-!
l 2200 200 2000 1900 ‘SP 13@ 4000 900 800 700 6% 600 5%

[TTPPRE VINOYTYUTT I d W FOVOY POV e PP PP PRUTY P W are Parere | il " |

0.9994

38 8| %
2

[COpN20.CM4 and CO "“14000

R 1 PR SR N WO S A

45 S0 s‘era 9 0 1R 13 W 15 8 7 Ta—
wavelength, m
(2)
Fig. 17 (Continued)

lIOTE = TRANSMITTANCE/KILOMETER

@ 13.5S MICRONS

R B B O B B e
Transmiltance
o
o r
Scoling factor L, km

RANSMITTANCE = - SO/ KM

Jk s KM

)

Cc.60>~S

T -8



WATER VAPOR

INFRARED IS ABSORBED BY WATER VAPOR
AS A FUNCTION OF WAVE LENGTH

AS WITH THE UNIFORM DISTRIBUTED
GARASES, WATER VARFOR REDUCES
TRANSMISS ION

FOR _EXAaMeEL E =

caseE TEME REL __HUM TRANSMISSION
1 Sacc =Y~ T 1@<

= S & Ava f = a2

= =@oc 1 2@% &7

REFERENCE: HANDBOOK OF OPTICSs WALTER G. DRISCOLL, EDITOR;
McGRAW-HILL BOOK COMPANY; 1978; FIGURE 16, PAGE 14-41.
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glgxauxg WATER <(RAIMN)D

-~ INFRARED IS ABSORBED BY RAIN AS A
§L|'F7LJPJC31F]:CJFJ OF RAIN DROFP SURFACE ARERA

oo

.. ll REFERENCE: THE INFRARED HANDBOOK; WILLIAM L. WOLKE AND GEORGE J.

ZISSIS, EDITOR; THE INFRARED INFORMATION AND ANALYSIS CENTER;
1978,

b

L.
THUS AS WITH UNIFORM DISTRIBUTED
GASES AND WATER VAFRPOR RAIN REDUCES

N

—

lTRQNSMISSIDN

[

L.
:1'
o

RAIN DROPFE SLIRFACE AREAMA

. DROF #1 DROFE
Ll’DRor-:- DIAMETER =Z.@ mm -6
DROF VOLUME 41.= mg a. 4
aDROF SURF AREA 12.6 mmE “4. 3
¥ OF DROPS 1 =
"flToT bproOorR voL 41.2 mg 41, =
-EBTOT SURF AREA 12.6 mmE 21.5

NOTE: WITH A CONSTANT VOLUME
ﬂ] AS DROE SIZE DECREASES
L

SURFACE AREA INCREASES

[
i
[ S L [

=
=
mm

nmo
niras

g
mms=



CLIQUID WATER <(RAXIN)D

| ]

1

i
ReceN v . !
()
N [ =0
3 !
: ;

)

Pd

T 1 Km

ONE—HALF OF ALIL RAIN DROPr SURFACE AREA
. ABSORBS AL.L INFRARED ENERGY IMPINGING
[ e o

POWER = WATT SECONDS

ey

ORIGINAL PAGE IS
, OF POOR QUALITY,

L TRANSMISSION = l1cm2 — é,ssURFAcx—: AREA '



Jst PREDICTION
. HUMIDITY.,

MIDITY
- 3 grams/cm2/kn
- 2 grama/ca2/ka

- 1 grana/cm2/km

inN
- 38.0 inchesa/hour
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TIME AS A FUNCTION OF
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TOTAL TRANSMISSION

TOTAL TRANSMISSION =

TRANSMISSION CUNIFORM DIST GASES)
o

TRANSMISSION (WATER VAFRFPOR)
e 3

TRANSMISS ION (LIQUID WATER)>

WHEN TOTAL TRANSMISSION = A SET
CONSTANT, LOOK DISTANCE IS DEFINED

WITH LOOK DISTANCE AT 4.8 KM AND
LANDING SFRPFEED AT 8@ M/ S

ADVANCE WARNING = &@ 'SECDNDS
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RAIN DROF DISTRIRULUUTION WITH

INTENSTTY

THE HEAVIER THE RAIN RATE
THE LARGER THE AVERAGE DRORFR SIZE

FOR EXAMPL E =

- 2SS INCH / HOUR RAIN RATE

MEDIAN DROFP SIZE = 1 mm

L. Q2 INCH 7/ HOUR RAIN RATE

MEDIAN DROFRF SIZE = 3 mm

REFERENCE: "THE RELATION OF RAINDROP—-SIZE TO INTENSITY"; RY J.
OTIS LAWS AND DONALD A PARSONS; TRANSACTIONS, AMERICAN
GEOFPHYSICAL UNION 24, FPART II, 1943.

"THE DISTRIBUTION OF RAINDROPS WITH SIZE"; BY J.S. MARSHALL AND
W. McK. PALMER; JOURNAL OF METEOROLOGY, VOLUME S5, ARUGUST 1948.



LIWS PREDICTION TIME AS A FUNCTION OF
RAIN, DROP SIZE

-, GR., | ..,

RAIN

o

\ 0.0-38.0 inches/hour

ORIGINAL PAGE IS
DROP SIZE OF POOR QUALITY,

determined by Marshall equation

i drop size range from 0.05-0.8 cm.
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OBRSERVED RAIN RATE WITH MICROBLIRSTS

FLOWS DATA

1984
MEMPHIS, TENNESSEE

MIT LINCOLN LABS

RESLIL TS =

AVE DURATION RATE 4.8 MINUTES
AVE RAIN RATE S.&@@ IN//ZJHR
MAX RAIN RATE &.S INZJHR

REFERENCE: "LOW-ALTITUDE WIND SHEAR CHARACTERISTICS IN THE
MEMPHIS, TENNESSEE AREAR BASED ON MESONET AND LLWS DATA"j3; BY M.M.
WOLFSON, J.T. DISTEFOND AND T.T. FUJITA; 14TH CONFERENCE OF
SEVERE LOCAL STORMS, AMERICAN METEOROLOGY SOCIETYj; 1985.



RAINFALL RATE vs PEAK WIND

15 . I
14}

13

11 .

10}

RAINFALL DURING MICROBURSTS (mm)

DRY = —00-0—0—0—0—0—b—00—0—04-

15. 20

i 1 i T

ASSUME 4.8 MIN AVG. DURATION
RAIN RATE INCHES/HOUR

-
(45) e

—

25 30 35 40
PEAK WIND SPEED (m/s) '

6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5

1.0

INCHES PER HOUR
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;IQIRBD N INFRARED RESEARCH IN RAIN

— JTAWS FPROJECT — 1982 DENVER, co
{'I' CcCESsNA a7 — 1985 HUNTSVILLE, = ] .

e

W'VERFICQTION OF MICROBURSTS

2 \

@'Mxm ADVANCE WARNING N, 232 sSsEC
\
. DU/DZ > L 1s seEc—1
S
-'QIR SFPFEED CHANGE S=Ee. a2 KNOTS
N
2. BB HKNOTS

ToONVMECTOR DIFFERENCE

“'RESULTS:
fl19 RAIN TRACTS FLOWN
8 WITH SHEAR

;. & HITS aQuT OF 8
= MISSES (S AND 17 SECONDS)

‘élll.j. WITHOUT SHEAR

< FALSE ALARMS

REFERENCE: "ARIREORNE INFRARED WIND SHEAR DETECTOR PERFORMANCE IN
RAIN OBSCURATION"j; BY PETER KUHN AND P.C. SINCLAIR; AIRAR-87-0186;
JANUARY 12-15, 1987 RENQO, NEVADA.

t

>

o

= l

it

- '
l'
,'



CONCLUSIONS: RAIN PERFORMANCE

TPS HAS MODELLED AN INFRARED
INSTRUMENT IN RAIN

TF,FS HAS REALL DATA TO VERIFY MODEL

nad FLOWS DATA

e AIARAA PAFPER




NUISANCE AL.ARMS
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INFRARED METHODOLOGY

* INFRARED REMOTELY SENSES
TEMRFERATURE

* TEMFERATURE DRIVES WINDS

* HORIZONTAL., AND VERTICOL WINDS
CAN EE INFERRED

A SLISTATNED DERIVATIVE OF
MICROBUIRS™
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2

-

-, e, .. q

Lifd3 s T MY TmT 7T _FALSE AL ARMS

T TEMPERATURE RESOLUTION @, O5<eC

]
1

= TMPROVE ALGORITHMS

-

= HAZARD INDEX (AIRCRAFT
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TFPFS HAS IMPROVED THE INFORMATION
TO THE FLIGHT CREW

»* NEW SENSOR
» NEW ALGORITHMS
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»* NEW COCKFIT DISFL.AY
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MICROBURST IS LOWER THAN AIRCRAFT

MICROBURST AND AIRCRAFT INTERCEPT AT
t= —-60 SECONDS

MICROBURST IS HIGHER THAN AIRCRAFT
AT t= —60 SECONDS, BUT FALLS ON THE
ATRCRAFT BETWEEN t= —-60 AND O
SECONDS

MICROBURST IS HIGHER THAN AIRCRAFT
AT t= O SECONDS



- MICROBURST /7 (80O METERS/SECOND)

WARNING TIME = DISTANCE FROM AIRCRAFT

THUS WARNING TIME = —-—-6&6§0 SECONDS TO O
SECONDS
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EINTERCEPT AT t= -0 ISECONDS

THE ALTITUDE AND THE RATE OF DESCENT OF
THE MICROBURST, AT THE START OQOF THE
MODEIL ARE SELECTED TO INTERCEPT

RATE OF DESCENT ALT AT t= -—120 SEC
80 M/S S,018 M
a0 M/IS 2,618 M
20 M/,rS 1,418 M

THUS NO ADVANCE WARNING

NOTE: AN INCREASE IN THE 1L.OOK ANGLE
WOUIL.D DO LITTLE TO PROVIDE AN ADVANCE
WARNING

MICROBURST RATE OF DESCENT IS MUCH
GREATER THAN THE AIRCRAFT " S RATE OF
DESCENT



T
THE AIRCRAFT AT t= —-60 SECONDS, BUT I’
FALLS ON THE AIRCRAFT BETWEEN t= -60O ANIY

O _SECONDS

THE ALTITUDE AND THE RATE OF DESCENT OF
THE MICROBURST ARE SELECTED TO INTERCEP
AFTER t= -—-60 SECONDS

ALTITUDE AT t= l

RAT N -0 SEC =120 SEC
80 M/S S,0o18 M D, 500 M.

SO M/,S 2,618 M <, 800 M
20 M/S 1,218 M =2, 200 M.

THUS NO ADVANCE WARNING



A TE DESCENT ALT AT t= -—120 SEC

80 M/sS 28, 600 M
SO M/S Ya,800 ™M

20 M/S S=2,a00 M

ATRCRAFT IS ON THE GROUND WHEN THE
MICROBURST IMPACTS THE AIRCRAFT
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A CASE CAN BE CONSTRUCTED WHERE THEREI
IS NO ADVANCE WARNING. -

w INCREASED LOOK ANGLE WILI. NOT '
PROVIDE ANY SIGNIFICANT i
IMPROVEMENT IN ADVANCE WARNING '

A CASE CAN BE CONSTRUCTED WHERE THER 1
ARE REDUCED ADVANCE WARNINGS

o ITNCREASED LOOK ANGLE WILL INCREASE
ADVANCE WARNING .

INFRARED WORKS WELL WHEN THE EVOLVIN
MICROBURST IS LOWER THAN THE AIRCRAFT
CSCENARIO #1O

THUS A REACTIVE BACKUPFP IS ESSENTIAL
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FOR DETECTION OF WIND SHEAR
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~ AIR TURBULENCE RESEARCH INSTRUMENT

AILR

4

EXCELLENT RESULTS
OVER 1,000 FLIGHT HOURS

NASA GUST GRADIANT
ATITRCRAFT USED

TURBULENCE QPERATIONAL SYSTEM

DUAIL. PURPOSE [(LILWS/CAT>D
NEW GENERATION SENSOR
MICROPROCESSOR BASED

COCKPIT DISPLAY

REACTIVE BACKUP
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NOTES ON THE DISCUSSIONS
FOLLOWING SEVERAL OF THE
PRESENTATIONS
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NOTES FROM 24-25 FEB 87 FAA/NASA/INDUSTRY MEETING ON WINDSHEAR

Note: These notes cover only the discussion following wach
presentation; no notes were made of the formal presentations themselves.

24/0851:1 (Roland Bowlaes’' discussion on windshear threat %
statistics.) Floor discussion about Lec’'s 1982 flights, LIDAR
absorption, radar ground clutter, and IR differential measurements.
Peter Hildebrand mentioned dry microbursts. Lesad time for escape.

24/0937: (Brac’'s talk) Floor discussion on spatial resolution in
the range direction. Brac answered 200-500 m. Pester H suggested going
to a finer resolution, say 100m, and using an RHI display of airborne
data. Jim Evans stressed that bugs and birds create false alarms, and
so we should use 100m; 250 at the absolute most, since the microbursts
themselves can be as small as 500m. His reasoning is that simultaneous
returns from several adjacent small cells could more confidently be
called a microburst than a return from a single large cell. Leo pointed
out that it's OK to go with a single large cell, as long as you can
examine its spectrum. Someone said we can’'t deo that just yet, and Peter
said we ought to go ahead and figure on being able %o de it, bacause the
technology will certainly be there by the time we need it; in other
words, don‘t be afraid to build a more complicated radar. Wally Gillman
of American Airlines said that the airlines really need the vertical
component of the wind, and Brac axplained that present Doppler radar
technology just won’'t do that. Further, Gillman asked for a horizontal
sweep of at least +/- 60 deg. Baob Ireland of United Airlines agreed,
saying that the pilot wants to know whether to go left or right. Roland
Bowles reminded the airline people that the system we’'re proposing
should be viewed as a last ditch effort to save the airplane after all
else has failed, not a guidance or navigation system. Jim Evans of MIT
Lincoln Labs pointed out that if you do scan +/- 40 deg., then all you
need out on the edges is rain cells; wind shear is needed only straight
ahead.

Someone wanted to know which was more of a threat to flight: loss of
lift due to changing headwind, or forced descent due to downdraft. To
answer this, Roland presented his energy balance equations. Roland put
farth the question: should windshear limits be set strictly according to
meteorological definitions, or should the limits be aircraft—-type
dependent? (Roland favors the latter.) Thaere followad a discussion
between Roland and Jim Evans on detectable wind speed differences and
the minimum distances over which they occur. Roland noted that even
short—-term turbulence affects lift, by messing up the laminar flow over
the wing.

Someone wanted to know the power level of the SAR, and Bob Onstott
of ERIM responded "several kW." J. J. Ewing of Spectra Technology
wanted to know if the wind speed correlates well with the rain motion,
to which Leo replied in the affirmative.
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Brac presented Jim Schrader’'s airport diagram, and there followad a
floor discussion of the gray levels. Les Britt reminded the folks that
the absolute numbers should be ignored for the time being; at present
we're just trying to develop the model. Brac pointed ocut that we’'re not
trying to build a subtractive map; but rather we're trying to understand
the statistics so we can develop a process to suppress clutter. Jim
Evans wanted to know how the RTI/AMRB model gets the velocities, and
what it is that we’'re seeing. Les responded that these are bins of
range vs. valocity shift, taken from the line spectrum, and it is radial
component only, and that the range bin resclution in range is 130 m.

Jim Evans stated that the Huntsville expasrimental data does not support
the 8 to 10 m/sec spectral width shown in Britt’s plot; i m/sec would be
more like it. Jim brought up lots more questions about signal
processing, to which Les replied that we really haven't tried any
processing yet, except to compute a simple FFT.

It was pointed out that the broad spectrum, shown in the spectrum
plot presented by Britt, was due primarily to the large spatial volume
(425mx 150m), seen by a 2.7 deg beamwidth antenna and | microsec pulse at
a 9km range looking at a vortex arsa of the wind field. The wind speed
and directions in this particular resolution volume varied over a wide
range. Subsequent spectrums at other portions of the wind field, even
for this large volume, showed spectrum widths on the order of 4-5Sm/s. At
shorter ranges, where the spatial volume is smaller, the spectrum width
is smaller when looking at more constant wind field conditions. The 1
m/s spectrum widths seen by the Lincoln Lab. radar correspond to much
smaller rescolution volumes (0.7 deg beamwidth; 109 m resolution at 9km).
The question of velocity spectrum width that exists in microburst
windfields as seen by Doppler radars must be studied further.

At this point, someone pointed ocut that using meters per second and
kilometers makes it very confusing to translate our results and
specifications into useful cockpit numbers. All instruments in U. 8.
transport aircraft are in knots and feet, and we should realize that
that’'s where our end product will be usad.

24/1315 (Peter Hildebrand’'s talk on NCAR's radar) Wally Gillman of
American Airlines disputed Peter’'s cbservation that pilots generally
turn off the radar on approach;} Wally maintains that they really just
switch modes. Also, Wally says that in the specification of the
windshear-seeking radar, wa are confusing minimum requirements with the
targat design. As an sxample, he’'d like to sea® the windshear warning
occur 10 miles ahead (target design), but that 5 miles would be the
minimum requiresment.

24/1345 Wally Gilman (American Airlines) presentad some thoughts
from a pilot’'s viewpoint on providing microburst hazard warning to the
pilot. Must re-think the attitude on the use of weather radars for
providing information on weather hazards to the pilot.  Will it remain
just an advisory sensor which pilots use as they see fit or will it be a
certified hazard warning device required on all a/c? Thinks future
radars should have multi-modes of operation from providing reflectivity
and turbulence information when away from the airport to microburst
hazard detection during landing and take-off. Mode switching would be
automatic in which range, scan angles, processing and display

ORIGINAL PAGE TS
OE POOR QUALITY

dE 2R B T e

R 0 .

il S A AR AN 2k AR AR 2N

& |



TR
H

.

po—

A

" (RN [ T
| . . e A K . H
. - Lo [ e NPT . ) P [ .

P

!

ﬁ
t

L.

L Pt ‘ "

t

) [

| A

ORIGINAL PAGE 1g
OF POOR QuALITY

information, stc., would change as thae a/c comes in to land. Suitable
displayed information, easily intnrpratld by tha pilot, must be
provided. Thinks 30-40 sec. warning is toco short a time to allow for
escape. Should provide hazard information much further out during the
landing phase. R. Bowles pointed out that the 30-40 sec. warning is a
minimum requirement and does not imply that warning information at
further distance from the a/c will not be provided.

24/1400 R. Robertson and 0. Alitz (Rockwell-~Collins) presented
brief review of their activity in development of radars for windshear
detection. Need good simulation data to evaluate system designs.
Difficult and expensive to collect real world data under all conditions.
Need good models and statistics of the microburst characteristics.
Thinks that good simulation schemes will be the major source of
certifying any forward sensor design. Field testing for verification is
too expensive and time consuming, due to the relative rarity of the
hazard being sensed. Field tests should be used to verify the accuracy
of the simulation.

Russell Targ (Lockheed) presented a review of a strawman CO- Lidar
system design along with some performance trade—-off information. Since
rain rates are the chief obstacle to acceptable Lidar operation, the
rain levels encountered by or existing in front of a/c during a
potential microburst encounter must be quantified. The problem of rain
or layers of water on the Lidar lens must be addressed, since water on
the lens may severely reduce the Lidar’'s range of operation. The Lidar
strawman design proposes using a 15 deg conical scan of the laser beam
in order to obtain the x,y,z components of the wind vector. It was
pointed out by C. Fricke that this technique only works for a constant
wind field within the conical scan volume. Since the microburst hazard
has significantly varying wind velocities and direction within small

~volumes of space, significant errors in the wind direction components

would occur. Reducing the conical scan angle to look at smaller volume
would significantly reduce the geometric accuracy of the three vector
components. This technique as well as others must be further studied to
see if other then the radial component of wind speed in the outflow area
can be measured.

H. Schlickenmaier (FAA) proposed two key questions that he feels
the group needs to address and answer. They are:

(1). WHAT IS THE HAZARD BEING SENSED? List which of the
characteristics of the micraburst hazard must be sensed, describe how
the a/c reacts to the hazard, and define how the information is to be
provided to the pilot.

(2). HOW DO YOU TEST THE SENSORS DEVELOPED AGAINST THE DEFINED
HAZARD?

24/1600 (Frank Allario, Chief, Flight Instrumentation Div.) Made
comments on the state—of-the—art in solid state laser technology.
Presented review of NASA's ongoing basic R & T work in that field.
Discussed future space—-based laser/lidar systems being developed for the
space station and Earth observing polar orbiting spacecraft. Feels that
CO=z laser technology is here and could be used in the design of a



windshear detection lidar. Solid state lasers for this application,
especially in the eye—-safe region above 2 microns wavelength, will
require much further development before reliable production crystals can
be obtained. Feels confident that sclid state lasers for lidars will be
available a number of years down the road.

25/0830 (Spectra Tech's presentation on Lidars) Bottaom line for
this talk was that laser tachnology can provide a windshear detecting
system, except for size and expense. A question about EMI brought the
answer that the generation of a short pulse necessitates shielding to
protect other aquipment. Roland wanted to know if there is any support
to breadboard up a system. Answer: no cne is clear on where to get the
support. Leo wanted to know about frequency stability, noting that the
present instability translates to an uncertainty of | m/sec. Spectra

Tech’'s reply was that averaging successive pulses can reduce this
uncertainty.

25/0848 (Milt Huffaker, Coherent Technologies. Discussion of
Doppler Lidar) Roland wanted to know if the lidar beam can be tilted
down (yes), and if there is data for near—-grazing (yes). And if at
Huntsville the lidar could see stuff that Evans’' setup couldn‘t (also
vy@as). Peter Hildebrand pointed ocut that this difference could have been
due to siting problems. Somecone wanted to know what software was used.
The answer was that a program from the Air Force Geophysics Lab is being
used, and they're trying to get aerosol species as well as the winds.
Then some questions about penetration of turbulence, the turbulence and
the aerosols both being most prevalent near the ground. Bob Hess
suggested going to longer pulse Doppler. Huffaker replied that they're
now already using 2 to 3 microsec. Someone wanted to know what limits
the range of the lidar, and the answer was that a pulsed CW system is
power limited, and that for a focused CW system the depth of field
increases with increasing range. (This means that the ability to

resolve range deteriorates.) At 1| km range, the depth of field is about
1 km.

2570948 (Pat Adamson, of Turbulence Prediction Systems, on IR)
Someone asked what level of temperature contrast constitutes an alert.
The answer was -0.5 deg/sec, observed for at least 8 sec. The
beamwidth? 2 deg. Method of ranging? A spectral method, using
weighting functions, detuning from center frequency, and comparing
absorptions at two different wavelengths. Peter Hildebrand asked about
temperature contrasts in rainshafts that don’t produce microbursts. The
reply was that the atmosphere model needs expansion, and the algorithm
needs improvement. Then some lively discussion on "wet" vs "dry"
microbursts. Roland wanted to knaow why the IR model is predicated on
du/dz rather than du/dx. The answer was that if du/dz is good enough
for Peter Kuhn, then it’'s good enough for you, to which Roland expressed
his displeasure. A question about ranging brought the answer that range
gating in an IR system is less of a problem than for lidar (note: how do
you range gate a passive system??) Roland mentioned that for several
vyears now, Northwest Airlines has specified a go-around if a temperature
contrast of at least 12 deg is detected in the presence of winds of at
least 15 knots. Roy Robertson of Collins asked how the system degrades

in heavy rain. The answer was that there is a graceful degradation, with
the usable range gradually decreasing. Can you look down the
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glideslope? Yns; the hnt earth will register as a conltant,with not
enough contrast to sustain the required -0.5 deg/sec over 8 sec.
However, the presence of the hot esarth would mask the ability to detect
small temperature changes. It was recommended that the IR sensor be used
in an up~looking operation to avoid seeing the warm Earth, in order to
detect the down flow region of a microburst where a significant
temperature gradient can be detected. Roy wanted to know what the
biggest hurdle is for IR. Milt replied heavy rain. It was pointed out
that heavy rain on the IR sensor window would make the sensor
inoperative. What about angular FOV? +/- 20 deg, which crabs with the
airplane.

2571118 (Wayne Siarnicki of Delco and Tim Wise of Hughes,
describing another IR system, using a madified Barnes PRT-3) Roland
asked when there will ba an ARINC~compatible system. Answer: 18 to 24
months, maybe a scientific field instrument in the summer of 88. It
will stare, and then scan at a later time. And it will cover several
C0= bands. No improvements in range over the previously described
system were claimed. Roland asked if Hughes and Delco are committed to
proceed on this project regardless of outside support. Answer: Yes to
study the feasibility; no to build a complete system.




KEY ISSUES-
UNRESOLYED QUESTIONS
TO ADDRESS AT
FUTURE MEETINGS
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The following questions were formulated by Delco before the meeting got
underway, then were furnished to NASA after the meeting's conclusion.

1.

2.

A.

7.

QUESTIONS/CONCERNS

WHAT IS THE NASA AND FAA POSITION ON THE FEASIBILITY,
PRACTICALITY AND ACCEPTANCE OF THE VARIOUS FORWARD-
LOOKING DETECTION TECHNIQUES? IN OTHER WORDS HOW
WOULD YOU RATE THE SUCCESS FACTOR FOR THE VARIOUS
APPROACHES?

WHAT TIME FRAMES ARE WE LOOKING AT AS RECARDS TO THE
AVAILABILITY OF THE VARIOUS FORWARD-LOOKING WIND SHEAR
DETECTION SYSTEMS?

DO NASA AND/OR THE FAA PLAN TO FUND EVALUATIONS OF
ANY OR ALL OF THE FORWARD-LOOKING DEVICES OR
TECHNIQUES?

DOES THE HAZARD DEFINITION FOR REACTIVE SYSTEMS ALSO
APPLY TO FORWARD-LOOKING WIND SHEAR DETECTION
SYSTEMS?

WHAT SHOULD BE THE DESIGN GOALS OR CRITERIA FOR LLWS
DETECTION (RANGE AND SHEAR CONDITION) AND PROBABILITY
OF SUCCESS FOR AN ACCEPTABLE SYSTEM? WHAT CONDITIONS
ARE OF GREATEST CONCERN IN VIEW OF EXISTING AIRBORNE
AND TERMINAL AREA SURVEILLANCE CAPABILITIES AND CURRENT
PROCEDURES? (i.e., PILOTS DO NOT FLY, OR ARE NOT DIRECTED
INTO HEAVY THUNDERSTORMS).

IN VIEW OF THE TRADE-OFFS BETWEEN SENSITIVITY, DETECTION
THRESHOLDS, DISCRIMINATION TECHNIQUES AND COMPLEXITY
OF THE SYSTEM, WHAT FALSE ALARM RATE WOULD BE ACCEPT-
ABLE FOR SUCH A SYSTEM IN THE APPROACH AND TAKEOFF
ENVIRONMENT?

SHOULD A CUIDANCE/RECOVERY METHOD BE A REQUIREMENT
OF FORWARD-LOOKING WIND SHEAR DETECTION SYSTEMS?

WHAT DOES FAA ENVISION AS CENERAL CERTIFICATION
REQUIREMENTS FOR FORWARD-LOOKING SYSTEMS? WILL THERE
BE APPLICATION OF EXISTING WIND SHEAR AC'S AND RULES?
IS THERE A PLAN FOR DEVELOPING THESE REQUIREMENTS?

Dsice Systems



ISSUES GENERATED AT THE MEETING

The following list of key issues was generated at an informal
meeting which started at noon Wednesday, following completion of the
formal prasentations.

1. Needs and education of the users/operators: How do I use
the system? What can the system do, and what are its limitations?
Alsc, we don't want the airlines interpreting this effort as a coalition
between government and the manufacturers to sell them yet another black
box.

2. The previous day’'s comment about m/sec and km not being
cockpit units was repeated. By continuing to use these otherwise
acceptable units, we are isolating ourselves from our end-product users.

3. Among all the options for forward-locking seansors, what
cutputs are common to all the sensors (i.e., independent of choice of
IR, Lidar, or radar)? Are we ready to come up with a strawman list of
these outputs so that we can tell the potential user what parameters he
can expect to have available?

4. Define scanning schemes, fields of view, range, parameters
to be sensed, and the accuracy of each. Need to define sach of these,
both in terms of what technology might provide and what the user will
require. Which are the wind components to be sensed: horizontal or
vertical?

S. Will the system to be developed be used as a continuous
advisory over 5 to 10 minute intervals, or is it to be a last-second
warning for avoidance?

6. Should we think in terms of warning lead times, or warning
lead distances?

7. Certification of the system: Should the operating limits
on the system be airplane-specific or should they be meteorologically
defined? What about false alarm rates? And the relationship between
ground-based and airborne-derived warnings?

8. We must define the hazard and find out where the threat
exists. Below 1000 ft and inside the outer marker?

9. How close can simulation models of the microburst hazard
match the real world when anomalous data as seen in fiaeld measurements,
are not incorporated into the model? How do you model these phenomena,
and how significant are they?

10. What is the best way to resoclve the differences seen
between the simulations of the hazard and the field data? How do you
resolve the differences in the Doppler spectrum widths shown in the
simulation with those seen in ground Doppler radar?
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25/pm (Smaller meeting with Bowles, Evans, Staton, Huffaker, Britt,
Schrader, Bracalente, and Delnore) Lots of discussion to try to
discover why the field of calculated wind speed differences is
apparently not supportad by the Huntsville data. Alsc some discussion
of triple Doppler offering no advantage (at low altitudes) over dual
Dopplar. These topics will be part of a continuing dialogue among the
researchers involved, and certain aspects of the sharing of data were
discussed but not resolved.




NASA CP-10004
DOT/FAA/PS-87/2

N s - Report Documentation Page
1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

4, Title and Subtitle

Wind Shear Detection - Forward-Looking
Sensor Technology

5. Report Date

October 1987

6. Performing Organization Code

7. Author(s)

E. M. Bracalente and V. E. Delnore, Compilers

8. Performing Organization Report No.

10. Work Unit No.
505-66-41-31

9. Performing Organization Name and Address

National Aeronautics and Space Administration
Langley Research Center
Hampton, VA 23665-5225

11. Contract or Grant No.

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, D. C. 20546-0001

Conference Publication

14. Sponsoring Agency Code

15. Suppiementary Notes

V. E. Delnore, PRC Kentron, Inc., Hampton, Virginfa 23666

18. Abstract

A meeting was held at the NASA Langley Research Center in February 1987 to
discuss the development and eventual use of forward-looking remote sensors
for the detection and avoidance of wind shear by aircraft. The participants
represented industry, academia, and government. The meeting was structured
to first provide a review of the current FAA and NASA wind shear programs,
then to define what really happens to the airplane, and finally to give
technology updates on the various types of forward-looking sensors. This
document is intended to informally record the essence of the technology
updates (represented here through unedited duplication of the vugraphs), and
the floor discussion following each presentation. Also given are the key
issues which remain unresolved from the meeting.

17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Doppler Radar Infra-Red Unclassified - Unlimited
Microbursts Lidar
Windshear Subject Category 03
Aircraft Hazards

19, Security Classif. {of this report) 20. Security Classif. (of this page) 21. No. of pages 22, Price
Unclassified Unclassified 282 A13

NASA FORM 1626 OCT 86

N B B B B B OB OB O =

R

¢ R R -





